Abstract--Characterization of the visual system as a linear system has many consequences. One property implied by such a characterization is that signal-to-noise ratio at threshold is constant, so that the contrast energy of a sinusoidal grating at threshold depends on the effective noise passed by the filter used to detect the target. When the contrast energy in an external noise is sufficiently high, the contribution of internal noise may be conveniently ignored. In such circumstances, the effectiveness of a given noise is measured by its ability to mask the target. One consequence of the linearity assumption is that if the energy of the effective noise is increased by a factor k, then threshold energy of the signal is increased by the same amount. The contrast energy at threshold in the presence of a masker created by adding two maskers should be the sum of the threshold energies in the individual maskers. We have tested this hypothesis for spectrally nonoverlapping maskers. We find that the contrast energy required to detect the target in the presence of the combined maskers is much greater than the sum of the threshold energies for the two maskers. This "excess masking" violates the linearity assumption. On the other hand, when maskers do have spectral overlap, no excess masking is found.
INTRODUCTION
An attractive hypothesis is that the visual system initially analyzes the visual input using a bank of linear bandpass spatial filters (e.g. Wilson & Bergen, 1979; Wilson & Giese, 1977) . However, in recent years, evidence has accumulated which suggests that substantial nonlinearities are involved at a relatively early stage. This evidence is both psychophysical (Chubb & Sperling, 1988; Legge & Foley, 1980; Wilson, 1980) and physiological (e.g. at the simple cell level: Dean, Tolhurst & Walker, 1982; Reid & Shapley, 1988; Tolhurst, Walker, Thompson & Dean, 1980) . Even a simple nonlinear transducer function following linear oriented channels may be insufficient to account for spatial pattern masking results (Derrington & Henning, 1989) . On the other hand, Jamar and Koenderink (1985) have found that it is possible to use effective spectral (contrast) energy over a broad range of spatial frequency to predict performance at detection of noise gratings, consistent with a linear channels hypothesis.
The experiments we report in this paper suggest that, under certain conditions, masking of a sinusoidal grating by narrow-band noise behaves in a nonlinear fashion. One consequence of the linearity assumption is that the contrast energy required to detect a signal in a noisy background depends on the total noise energy passed by the filter being used to detect the target, assuming that the noise level is sufficiently high so that the contribution of internal noise is negligible (Henning, Hertz & Hinton, 1981; Pelli, 1981; Stromeyer & Julesz, 1972) . Specifically, the ratio of signal energy at threshold to total noise energy passed by the filter (i.e. effective noise energy) is constant. For example, if one simply doubles the noise energy, then threshold should also double, as has been amply demonstrated (Pelli, 1981; Stromeyer & Julesz, 1972) . This notion is illustrated schematically in Fig. 1 .
In Fig. 1A we represent a target sinusoid with frequency f and a filter centered atf. Threshold contrast is represented by the height of the arrow. It is commonly assumed that an observer uses a filter centered on the target frequency under these conditions. Of course, it is also possible that the subject uses a filter which is not centered on the target frequency (off-frequency looking, see expt 2), or pools across multiple channels (see the Discussion section). Figure 1B vR 31:~s*
